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Over a 2.5-year period, 16 consecutive infants were prospectively
diagnosed as having total anomalous pulmonary venous drainage .
The sites of drainage were cardiac (to the coronary sinus) in four
patients, supracardiac in nine, infracardiac in two and mixed in
one patient . In every case, two-dimensional echocardiography
with color flow imaging enabled complete and correct diagnosis of
the sites of drainage and the presence or absence of pulmonary
venom obstruction. The echocardiographic findings were verified
at surgery or autopsy in all .
Color flow imaging rapidly provided information about the
Two-dimensional echocardiography allows sequential as-
sessment of structural cardiac malformations in infancy
(1,2) . In a significant proportion of patients, the decision to
operate can be made by a combination of two-dimensional
and Doppler ultrasound (3,4). Although color flow imaging
has been shown to enhance the diagnostic potential of
Doppler ultrasound, there are few reports of its application
to the diagnosis of anomalous pulmonary venous connec-
tions (5) . We report the usefulness of the technique for the
definition of annm
:Inns pulmpr^
venous connections oc-
curring either in isolation or in associatien with complex
cardiac defects.
Methods
Study patients . Over a 2 .5-year period beginning in
March 1989, 16 consecutive infants (8 male, 8 female) were
prospectively diagnosed as having total anomalous pulmo-
nary venous drainage . The median age at presentation was
13 days (range I to 63) . The presenting features were a
cardiac murmur (n =
3) .
heart failure (n = 3), cyanosis (n =
2) and a combination of heart failure and cyanosis (n = 8) .
All patients underwent two-dimensional Doppler (pulsed
wave, continuous wave and color flow imaging) echocar-
diography as part of the initial assessment . Subsequent
From the Heart Clinic. Royal Liverpool Children's Hospital . Liverpool.
England.
Manuscript received September 4. 1991 : revised manuscript received
December 2, 1991, accepted January 6, 1992.
Address for reprints
:
Narayanswami Sereram, MRCP, Heart Clinic.
Royal Liverpool Children's Hospital, Alder Hey . Eaton Road, Liverpool L12
2AP. England.
01592 by the American College erCardiolugy
1577
direction and mean velocity of flow through abnormal vascular
structures in any two-dimensional echocardiographic plane . It
facilitated the acquisition of quantitative velocity information with
standard Doppler ultrasound techniques by identifying areas of
high velocity or turbulent flow and was invaluable in the assess-
ment of anomalous pulmonary venous drainage occurring either
as an isolated anomaly or in conjunction with complex intracar-
diac lesions.
O Am Call Cardiet 1992;19:1577-82)
confirmation of the echocardiographic findings was obtained
either at surgery or on postmortem examination in all .
Results
Two-dimensional echocardiography. A Hewlett-Packard
Sonus 500 ultrasound system was used with a 5-MHz short
focus probe. Standard echocardiographic planes of section
were obtained from the precordia!, subcostal and supraster-
nal windows. These demonstrated the usual atria) arrange-
ment in 12 patients. The remaining four patients had right
atria] isomerism, with the abdominal aorta and inferior vena
cava on the same side of the spine in the subcostal short-axis
scan . An interatrial communication was present in all. In two
patients (both with right atrial isomerism), the atrial septum
was virtually absent . In two others, also with isomeric atria,
a large primum atria) septal defect was present . In the other
12 patients, the communication was in the area of the
foramen ovale
. Marked dilation and hypertrophy of the right
atrium and ventricle were present in all patients. Associated
defects were common, including a partitioned left atrium
("supramitral membrane," n = I) . atrioventricular sepml
defect (n - 4), pulmonary atresia (o = 4) and patent ductus
arteriosus (n = 4). In 15 patients, no pulmonary veins were
identified entering the left atrium. In one patient with a
supramitral membrane and a persistent left superior vena
cava to the left atrium, all pulmonary veins appeared to be
connected to the left atrium.
Doppler color flow imaging
. Doppler color flow imaging
was performed in all standard echocardiographic planes with
a 5- or 3 .5-MHz probe . Characteristic patterns of flow within
the venous pathways were encountered in all patients.
0735-1097ls2155
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Table 1
. Sites of Anomalous Pulmonary Venous Drainage, Intervention and Outcome in 16 Patients
AP = aonopulmonary ;CAVSD = complete atrioventricular sepial defect : LIV = left innominate vein ; LV = left ventricular, PDA = patent ducats anenusus
:
Pt = patient, RSCV = right superior caval vein
: RV = right ventricle .
Specific sites of pulmonary venous drainage are listed in
Table 1 .
Drainage to coronary sinus
.
In four patients, a common
pulmonary venous confluence identified behind the left
atrium drained into the coronary sinus
. Laminar flow en-
coded in red was demonstrated within the coronary sinus in
three patients, suggesting unobstructed drainage . In one
patient, a continuous turbulent pattern of flow was seen and
continuous nonphasic flow was demonstrated with pulsed
Doppler interrogation of the junction between the venous
confluence and the coronary sinus . All individual pulmonary
veins could be identified entering the confluence (Fig . 1, A
and
C) and laminar flow was seen within each . Pulsed
Doppler sampling at the junction of each vein with the
common confluence confirmed the absence of pulmonary
vein stenosis . A separate interatrial communication with a
right to left shunt through it was present in every case (Fig .
1, B and D).
Supracardiac drainage
.
Nine patients had a supracardiac
pattern of anomalous venous drainage . In five of the nine,
the common pulmonary venous confluence drained through
an ascending vein into a dilated innominate vein
. Supraster-
nal imaging demonstrated flow encoded in red through the
ascending vein, confirming the direction of drainage toward
the transducer (Fig. 2, A and C) . In three of the five patients,
color flow imaging demonstrated a continuous turbulent
pattern of flow within the ascending vein . suggesting ob-
struction (Fig. 2B) . Obstruction was confirmed with pulsed
Doppler ultrasound, which demonstrated a high velocity of
flow within and immediately distal to the
narrow segment of
the ascending vein .
In four patients, the common pulmonary venous conflu-
ence drained directly into the right-sided superior vena cava.
Drainage was obstructed in all, and a high velocity turbulent
pattern of flow was seen entering the superior vena cavajust
below itsjunction with the innominate vein (Fig . 3 . A and B).
In all cases, individual pulmonary veins could be seen
entering the confluence (Fig . 4, A and B), and stenosis at the
pulmonary venous orifice was confirmed (n = I) or excluded
with pulsed Doppler ultrasound .
Infradiaphragmatic drainage . Two patients had infradia-
phragmatic pulmonary venous drainage . In both, the pulmo-
nary venous confluence descended through the esophageal
hiatus into the abdomen, with drainage into the portal v ein .
i n both patients, subcostal imaging demonstrated
a continu-
ous pattern of flow toward the transducer (encoded in red),
with minimal variation in the peak velocity of
flow with
respiration (Fig . 5, A and B). In one of the two patients,
continuous turbulent flow toward the heart . through the
ductus venosus and entering into the inferior vena cava was
also identified on the subcostal scan .
Pt
No.
Age at
Diagnosid
Operation
Site of Drainage/
Associated Defects
Intervention Outcome
I 2 wk/2 wk
Coronary sinusinone Operation Alive
2 7 wk/7 wk Coronary sinuslnone
Operation Alive
3 12 days/l4 days Supracardiac
. RSCVlnnne Operation Alive
4 6 wk/ wk
Mirndlleft atrial partition ; PDA Operation Alive
5 I wk/4 wk
Coronary sinuslnone Operation Alive
6 I day/I day
Supracardiac, RSCV/right atria[ isomerism: Operation Died
CAVSD ; pulmonary atresia : arms from
RV: PDA.
1 3 wk/3 wk
In/.J;2 Opcr tiou Died
s 6 days/6 days
hdradiaphragreatidnune
operation
Died
9 I day2 days
Supreardiae, RSCV16ght atria) isomerism : AP short
CAVSD: pulmonary atresia : aorta from
RV; PDA
3 days
Angioplasty
5 days
Repair Died
II II wklll wk Suprcardiac : LIVlnone
Operation Alive
I I I I days/[ 1 days
Supracardiac, Rsevlnnne Operation Alive
12 I day?-
Supracardiac, RSCVlright atria] isomerism ; None Died
CAVSD; pulmonary
atria;
LV
hypoplasia
: PDA
13 I day/-
Suprcardiac, LIV/right atrial isomerism : None Died
CAVSD; pulmonary atresia : LV
hypoplasia ; PDA
14
9 wk /9 wk Supracardiac. LIVlnone Opera lion Alive
IS
13 days/14 days Spoicamist. LIV/none Opera ion Alive
:6
12 wk/13 wk
Coronary sinus/none
operation
Alive
Figure 1 . Patient I . A, Doppler color
flow imaging in the subcostal view
.
demonstrating anomalous pulmonary
venous connections to the coronary
sinus
(CS).
The coronary sinus is
markedly dilated, with laminar flow
through it . Individual pulmonary
veins are marked by arrows. B . Sche-
matic diagram of A. C . Subcostal
color flow imaging, demonstrating
flow into the right atrium (RAI
through the coronary sinus and a con-
comitantinteratrialshunt (encoded in
blue) from right to left atrium (LA)
(arro•.
v)
. D, Schematic diagram of A .
LV = left ventricle : RV = right ven-
tricle .
Figure 2. A . Patient 3. Doppler
color flow imaging from the su-
prasternal notch. demonstrating a
dilated common pulmonary vein
(CPV) with laminar flow through it.
draining into the innominate vein
(IV) . DAD = descending aorta. B.
Schematic diagram of A
. C, Patient
10. Suprasternal color flow imaging
in a patient with obstructed supra-
cardiac pulmonary venous drain-
age. There is marked turbulence at
the site of entry of the common
pulmonary vein into the innominate
vein (IV) farrow) . AD = aorta ; PA
= pulmonary artery.
A
IV
CPV
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Figure 3 (above). Patient 6. A, Suprasternal Doppler color flow
imaging, showing a narrow common pulmonary vein (arrow) drain-
ing into the right superior caval vein (RSCV) . B, Schematic diagram
of A . Ao = aorta .
Figure 4 (below) . Patient 3. A, Doppler color flow imaging from the
high parasternal position, demonstrating the pulmonary venous
confluence (PVC). Three of the four pulmonary veins are seen in this
plane (arrows), with unobstructed connection to the pulmonary
venous confluence
. B, Schematic diagram of A . Abbreviations as in
Figure 2 .
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Figure 5 (above) . Patient 7 . Subcostal echocardiogram with Doppler
color flow imaging in a patient with infradiaphragmatic pulmonary
venous drainage . Flow in the common pulmonary vein (CPV) is
away from the heart and in the same direction as in the descending
aorta (DAO) (both encoded in red) . B, Schematic diagram of A .
Abbreviations as in Figures I and 2 .
Mixed drainage. One patient had a mixed pattern of
pulmonary venous drainage. Two-dimensional echocardiog-
raphy had shown a left atria) partition, with connection of
three pulmonary veins (both right-sided veins and the left
lower pulmonary vein) to the left atrium upstream from the
partition
. Color flow imaging demonstrated direct connec-
tion of the left upper pulmonary vein to a left vertical vein
(Fig. 6, A and C) . It also confirmed that flow from the left
atrium was upward, into the left vertical vein (Fig . 6B) and
then into the innominate vein . This finding suggested severe
obstruction to flow across the left atria) partition . An atria[
septal defect downstream from the partition with a right to
left shunt across it was also demonstrated.
Interatrial shunt . In all patients with an interatrial com-
munication, color flow imaging from the subcostal position
immediately demonstrated a right to left shunt (encoded in
blue) through the defect .
Cardiac catheterization . One patient with right atrial
isomerism, obstructed pulmonary venous drainage to the
right superior vena cava and pulmonary atresia underwent
JACC Vol. 19 . No. 7
June M2"77-82
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Figure 6. Patient 4 . A, Suprasternal Doppler color flow imaging,
showing direct drainage of the left upper pulmonary vein (arrow)
into the persistent left superior vena cava. B, The drainage from the
left atrium (LA) is also upward (arrow) and into the left superior
vena cava. C, Schematic diagram of A. MPA = main pulmonary
artery; other abbreviations as in Figure 2 .
an aortopulmonary shunt at 2 days of age . Interventions]
cardiac catheterization was performed 24 h later . An 8-mm
diameter balloon was positioned at the junction of the
common pulmonary vein and superior vena cava, and mul-
tiple inflations were performed . The systemic arterial oxygen
saturation increased from 40% to 90% after the procedure .
This increase allowed the patient to subsequently undergo
surgical repair of the total anomalous pulmonary venous
connection (Fig . 7) .
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Figure 7 . Patient 9. Snprastemot notch echocardiograms with Dopp-
(or color flow mapping, demonstrating the confluence of the com-
mon pulmonary vein (CPV) with the superior vena cava (SCV)
before (A) and immediately after (B) balloon dilation . The turbulent
flow pattern has been replaced by a laminar signal at the confluence .
There was concomitant improvement in arterial oxygen saturation .
C, Schematic diagram of B . Abbreviations as in Figure 2 .
Discussion
The two-dimensional echocardiographic features of total
anomalous pulmonary venous connections have been de-
scribed previously (6,7) . Pulsed Doppler ultrasound has
enabled determination of the patterns of flow, both within
individual veins and at the sites of communication between
the common pulmonary venous channel and the systemic
veins (8,9). It is possible in a significant proportion of
patients to assess the presence of obstruction to drainage at
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these sites . Color flow imaging displays direction and mean
velocity of blood flow within vascular structures in each
echocardiogaphic plane and permits rapid assessment and
interpretation of the pattern of drainage of the individual and
common pulmonary veins . Even with a rapid heart rate, an
adequate frame rate for real time imaging may be obtained
by reducing the sector angle of the color image .
Patterns of flow. Characteristic flow patterns are ob-
tained within the common pulmonary venous channel, de-
pending on its site of drainage . With drainage to the coronary
sinus, the diagnosis hinges on demonstrating either individ-
ual pulmonary -veins or a common channel entering this
structure. From the parasternal and subcostal transducer
positions, the flow into the dilated coronary sinus is encoded
in red . Where drainage occurs above or below the heart, the
diagnosis is made by demonstrating venous flow away from
the heart (8,10) . Thus, with supracardiac types of anomalous
connection, color flow imaging from the suprasternal scan
position will show venous flow toward the transducer (and
therefore away from the heart) through the draining channel
and into a dilated innominate vein or superior caval vein .
Similarly, with infracardiac drainage, subcostal scans with
color flow will demonstrate venous flow toward the trans-
ducer (encoded in red), enabling rapid identification of the
drainage site
. Obstruction to venous drainage can be readily
identified from the turbulent pattern of flow
in the variance
map . Quantitative measurements can then be made by using
pulsed Doppler interrogation of the points with highest flow
velocities (11,12).
Mixed patterns of drainage pose a particular problem
with two-dimensional imaging and spectral Doppler ultra-
sound . In addition to the numerous scan planes required,
multiple points of flow need to be interrogated within each
plane and at various angles of
incidence . With use of color
flow imaging, any abnormal direction or pattern of flow
(laminar versus turbulent) can be readily recognized within
the scan plane, thereby enabling the definition of individual
pulmonary veins and abnormal venous channels .
Coexisting lesions producing diminished pulmonary flow .
Additional problems are also encountered with standard
ultrasound techniques in patients with coexisting pulmonary
stenosis or atresia (13). In this group, the clinical findings are
likely to be dominated by the reduced pulmonary blood flow.
Early diagnosis of
anomalous pulmonary venous drainage is
particularly desirable. If unrecognized, patients with this
condition are likely to develop intractable pulmonary edema
after a palliative aortopulmonary shunt, particularly if pul-
monary venous drainage is obstructed (14) . Autopsy studies
(15) in p7_liertf with tetralogy
of FE!!ot and anomalous
pulmonary venous drainage have shown that the pulmonary
veins are very small, reflecting diminished pulmonary blood
flow
.
The diagnosis, therefore, is particularly likely to be
missed with imaging alone.
It is also possible to easily distinguish the pattern of
pulmonary venous drainage from the pulmonary venous
connection by using color flow imaging. Thus, in one patient
with a left atrial membrane whose pulmonary veins seem-
ingly entered the left atrium, the drainage was through the
persistent left superior vane cave and into the innominate
vein .
In all patients with an atria) septal defect, color flaw
imaging also demonstrated the right to left shunt at the atrial
level . In some cases, this was the most striking abnormality
on echocardiography and prompted a search for anomalous
pulmonary venous connections
.
Conclusions. Doppler color flow imaging enhances the
diagnostic ability of two-dimensional echocardiography to
recognize most patterns of anomalous pulmonary venous
connection . This is true even in patients with associated
cardiac malformations that result in diminished pulmonary
blood flow .
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